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PDOIXQFWLRQV RU EDG URDG VXUIDFH FRQGLWLRQ 7KH PDLQ SULRULW\ RI IRUJLYLQJ URDGVLGHV LV WR UHGXFH WKH
FRQVHTXHQFHVE\EULQJLQJHUUDQWYHKLFOHVEDFNWRWKHODQHRUE\PLQLPL]LQJWKHULVNRILQMXULHVRUIDWDOLWLHV
LQ FDVH RI URDGVLGH FROOLVLRQV 1XPHURXV QDWLRQDO JXLGHOLQHV DQG VWDQGDUG GRFXPHQWV GHDO ZLWK VDIHU
URDGVLGHGHVLJQDQGPDQ\VWXGLHVKDYHEHHQFRQGXFWHGWRDVVHVVVDIHW\HIIHFWVRIURDGVLGHWUHDWPHQWVFI
3DUGLOOR0D\RUD
1LWVFKH HW DO  VXPPDUL]H FRPPRQPHDVXUHV IRU WKHGHVLJQRI IRUJLYLQJ URDGVLGHV DQGGHILQH
WKUHH JURXSV RI URDGVLGH WUHDWPHQWV 5HPRYLQJUHORFDWLQJPRGLI\LQJ DQG VKLHOGLQJ REVWDFOHV 7KH ILUVW
JURXS UHPRYLQJ DQG UHORFDWLQJ URDGVLGH REVWDFOHV VXFK DV SROHV WUHHV RU GLWFKHV SURYLGHV URRP DQG
FRQGLWLRQ WR UHJDLQ FRQWURO RYHU WKHYHKLFOH7KLV VR FDOOHG FOHDU ]RQH VRPHWLPHV FDOOHG VDIHW\ ]RQH LV
GHILQHGDVDQREVWDFOHIUHHDUHDZLWKD IODW DQGJHQWO\JUDGHGJURXQG$FFRUGLQJ WR3DWWHHW DO 
VKRXOGHUVDUHSDUWRIWKHFOHDU]RQHVLQFHWKH\SURYLGHDGGLWLRQDOVSDFHIRUHUUDQWYHKLFOHV(OYLN
IRXQGWKDWUXUDOURDGVZLWKKDUGVKRXOGHUVUHGXFHWKHDFFLGHQWUDWHRIDERXWWRSHUFHQWFRPSDUHGWR
UXUDO URDGVZLWKRXW VKRXOGHUV+DUG VKRXOGHUV DUH SDYHG VXUIDFHV LPPHGLDWHO\ EH\RQG WKH FDUULDJHZD\
HGJHOLQHDQGFRPPRQO\SURYLGHDQDGGLWLRQDOODQHIRUHPHUJHQF\VHUYLFHVSDUNLQJELF\FOHRUSHGHVWULDQ
RSHUDWLRQV$QRWKHUSRVLWLYHHIIHFWRQURDGVDIHW\LVWKHLPSURYHGVLJKWGLVWDQFHLQFXUYHV,QFRQWUDVWWR







HIIHFWLYHQHVV GHSHQGV RQ VHYHUDO RWKHU IDFWRUV VXFK DV ODQH ZLGWKV RU WKH H[LVWHQFH RI JXDUGUDLOV
7\SLFDOO\ DVVHVVLQJ WKH VDIHW\ HIIHFWV RI URDGVLGH WUHDWPHQWV UHTXLUHV FRVW DQG WLPHLQWHQVLYHPHWKRGV
VXFK DV GHWDLOHG EHIRUHDIWHU DQDO\VHV RI DFFLGHQW GDWD RU IXOOVFDOH FUDVK WHVWV RI VSHFLILF LQVWDOODWLRQV
6LFNLQJ	0DNHPSKDVL]HWKHSUDFWLFDOXVHRIFRPSXWHUVLPXODWLRQVWRFRSHZLWKWKHVHSUREOHPV
$FFRUGLQJO\ WKH GHYHORSPHQW RI VLPXODWLRQ PRGHOV IRU UHSOLFDWLQJ UHDOZRUOG VFHQDULRV KDV EHFRPH D
PDMRU LVVXH LQ URDG VDIHW\ UHVHDUFK DQG FUDVK FDXVH DQDO\VHV 7KLV SDSHU SURSRVHV D VLPXODWLRQEDVHG
DSSURDFK WR HYDOXDWLQJ VDIHW\ HIIHFWV RI VRIW DQG KDUG VKRXOGHUV $ VLPXODWLRQ IUDPHZRUNZDV FUHDWHG
FRPSULVLQJ WKH GHYHORSPHQW RI WKUHH LQGHSHQGHQW W\SHV RI PRGHOV QDPHO\ WKH URDG DQG URDGVLGH WKH





7KH ILUVW SDUW RI WKLV SDSHU GHVFULEHV WKH PHWKRGRORJ\ DQG LQWURGXFHV WKH VLPXODWLRQ IUDPHZRUN
6XEVHTXHQWO\DFDVHVWXG\LVSUHVHQWHGZKHUH525$DUHVLPXODWHGRQDQ$XVWULDQDFFLGHQWVLWH6RIWDQG




D WKUHHGLPHQVLRQDO URDG PRGHO 7KH URDG PRGHO LQFRUSRUDWHV PHDVXUHPHQWV IURP WKH $XVWULDQ URDG














DOO $XVWULDQ SHUVRQDO LQMXU\ DFFLGHQWV IURP WKH SHULRG ± 7KHVH DFFLGHQW UHFRUGV LQFOXGH
LQIRUPDWLRQDERXWWKHORFDWLRQLQYROYHGSHUVRQVDQGYHKLFOHVDVZHOODVWKHDFFLGHQWFLUFXPVWDQFHV
$FFRUGLQJ WR WKH$XVWULDQJXLGHOLQHV IRU URDGFRQVWUXFWLRQDQDFFLGHQWKLJKULVNVLWH LVGHILQHGDVD
ORFDWLRQZLWKDPD[LPDOUDQJHRIPHWUHVRUDQLQWHUVHFWLRQZKHUHHLWKHUILYHDFFLGHQWVRIVLPLODUW\SH
LQFOXGLQJ DFFLGHQWVZLWKRXW SHUVRQDO LQMXULHVZLWKLQRQH \HDU RU DW OHDVW WKUHH VLPLODU SHUVRQDO LQMXU\
DFFLGHQWVZLWKLQWKUHH\HDUVKDSSHQHG)69$FFLGHQWKLJKULVNVLWHVRQWKH$XVWULDQURDGQHWZRUN





WR URDG VDIHW\ HJ VNLG UHVLVWDQFH WH[WXUH FXUYH UDGLL FURVVIDOO JUDGLHQW RU WUDQVYHUVHORQJLWXGLQDO
HYHQQHVV 7KLV V\VWHP LV FDSDEOH RI PHDVXULQJ WKHVH SDUDPHWHUV XQGHU QRUPDO WUDIILF FRQGLWLRQV ±
NPK VWDQGDUG VSHHG NPK LQ D VLQJOH UXQ )XUWKHUPRUH LW LV HTXLSSHG ZLWK DQ LQHUWLDO
PHDVXUHPHQWXQLW,08DQGDGLIIHUHQWLDO*36G*36V\VWHPIRUUHIHUHQFLQJWKHPHDVXUHPHQWGDWDWR
WKHLU SRVLWLRQ 5RDG JHRPHWU\ SDUDPHWHUV DUH GHULYHG IURP WKH ,08 ZKLOH WH[WXUH DQG HYHQQHVV DUH
PHDVXUHG E\ GLIIHUHQW ODVHU VFDQQLQJ V\VWHPV 6NLG UHVLVWDQFH PHDVXUHPHQWV DUH FDUULHG RXW XVLQJ D
PRGLILHG6WXWWJDUWVNLGGRPHWHUZKLFKPHDVXUHVWKHIULFWLRQFRHIILFLHQWLQWKHULJKWZKHHOWUDFNXVLQJDQ
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7KUHHGLPHQVLRQDO URDG PRGHOV FDQ EH GLUHFWO\ JHQHUDWHG RXW RI SRVWSURFHVVHG 5RDG67$5








)RU WKH LPSOHPHQWDWLRQ RI IRUJLYLQJ URDGVLGH WUHDWPHQWV VRPH IXUWKHU HQKDQFHPHQWV DUH QHFHVVDU\
7KHVRFDOOHGVORSHSURILOHIXQFWLRQLQ3&&UDVKDOORZVWKHPRGLILFDWLRQRIDPHWHUZLGHDUHDDORQJ
WKHURDG,WFDQEHXVHGWRPRGHOFOHDU]RQHVGHFOLQLQJVLGHVORSHVDQGLQFOLQLQJFXWVORSVZKHUHWKH
DVVLJQHG VORSH UHPDLQV FRQVWDQW IRU ZKROH URDG VHFWLRQ )RU KDUG VKRXOGHUV RQO\ WKH URDG ZLGWK LV
LQFUHDVHGWRPRGHODSDYHGDUHD)RUVRIWVKRXOGHUVWKHVORSHSURILOHLVXVHGWRUHSUHVHQWWKHQHDUHVWSDUW






1026   Philippe Nitsche et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1022 – 1032 
7KH3&&UDVKVRIWZDUHFRQWDLQVVHYHUDOGDWDEDVHVZLWKDKLJKQXPEHURIGLIIHUHQWYHKLFOHEUDQGVDQG
W\SHV SDVVHQJHU FDUV WUXFNVPRWRUF\FOHV HWF'LIIHUHQW REMHFWV VXFK DV WUHHV SROHV RU URDG UHVWUDLQW
V\VWHPV DUH DOVR WUHDWHG DV YHKLFOHV PRGHOV EXW GLIIHU LQ ZHLJKW VKDSH RU HODVWLFLW\ )RU WKLV NLQG RI
REMHFWV WKH IROORZLQJ VHWWLQJV DUH HVVHQWLDO LQ 3&&UDVK YHKLFOH JHRPHWU\ VXVSHQVLRQ SURSHUWLHV
RFFXSDQWVDQGFDUJRYHKLFOHVKDSHWUDLOHUVDQGVWDELOLW\SDUDPHWHUV
3&&UDVKLQFOXGHVDVLPSOHOLQHDUWLUHPRGHODQGWKHKDQGOLQJPRGHO70HDV\+LUVFKEHUJHWDO
,Q WKLV VWXG\ 70HDV\ LV XVHG ZKLFK UHOLHV RQ PHDVXUHG DQG REVHUYHG IRUFHVOLS FKDUDFWHULVWLFV )RU
YHKLFOHG\QDPLFDOFRPSXWDWLRQVDNLQHWLFPRGHOLVXVHG7KHHTXDWLRQVRIPRWLRQDUHQXPHULFDOO\VROYHG
ZLWKD WLPHVWHSRI W\SLFDOO\ ILYHPLOOLVHFRQGV ,PSDFWVDUHFDOFXODWHGDFFRUGLQJ WRDPRPHQWXPEDVHG
LPSDFWPRGHO 7RPDVFK5RDGUHVWUDLQWV\VWHPV556VXFKDVJXDUGUDLOVFDQEH LQFRUSRUDWHG LQ
WKHVLPXODWLRQE\FRQQHFWLQJVHYHUDOVLQJOHHOHPHQWVDVWUDLOHUV






WKH YHKLFOH DORQJ WKH ZKHHO WUDMHFWRULHV ,Q WKLV VWXG\ IRUZDUG VLPXODWLRQ LV XVHG ZLWK ZHOO GHILQHG
SDUDPHWHUVDQG LQLWLDOSRVLWLRQ$OOGULYLQJPDQHXYHUVDUHSHUIRUPHGVHTXHQWLDOO\ LHGULYHU UHDFWLRQV
DFFHOHUDWLQJ EUDNLQJ RU VWHHULQJ FDQ EH VSHFLILHG LQ WHUPV RI VHTXHQFHV+RZHYHU VWHHULQJ LQSXWV DUH
XVXDOO\ UHDOL]HG E\ GHILQLQJ D YHKLFOH SDWK 7KH NLQHWLF SDWK GULYHU PRGHO DGMXVWV WKH VWHHULQJ DQJOH
DFFRUGLQJWRDFXUUHQWSRVLWLRQRIWKHYHKLFOHZLWKUHVSHFWWRWKHQH[WDSSHDULQJSDWKSRLQW7KLVSDWKSRLQW


















VHYHULWLHV RI UXQRIIURDG DFFLGHQWV DUH WKH UHOHYDQW LQGLFDWRUV $IWHU DFFLGHQW LQYHVWLJDWLRQV RI WKH
$XVWULDQ URDG QHWZRUN WKH IROORZLQJ KLJKULVN VLWH LV VHOHFWHG ZKLFK LV WKH EDVLV IRU WKH DFFLGHQW
VLPXODWLRQV,W LQGLFDWHVDKLJKO\LQWHUHVWLQJORFDWLRQLQWHUPVRIDQH[LVWLQJWUDIILFEDUULHUV\VWHPLQWKH








WKH VSHHG OLPLW LQ WKH FXUYH LV NPK7KH VLJKWGLVWDQFH LQ WKH FXUYH LV OLPLWHGGXH WR WKH WUHHV DQG
EXVKHV ZKHUHDV WKH HQG RI WKH FXUYH DQG RSSRVLQJ WUDIILF FDQQRW EH VHHQ LQ DGYDQFH 7KH ZHDWKHU
FRQGLWLRQZDVLGHQWLILHGDVDQLQIOXHQFLQJIDFWRUIRUWKH525$EHFDXVHRQHFDVHKDSSHQHGRQDGU\URDG
RQO\ZKLOH IRXUWLPHVWKHURDGZDVZHWDQGRQFHLWZDVLF\'DUNQHVVZDVUHSRUWHGLQRQHWKLUGRIWKH
DFFLGHQWV 7KH H[LVWHQFH RI WUDIILF EDUULHUV LQGLFDWHV WKDW WKLV ORFDWLRQ LV KLJKO\ KD]DUGRXV ZLWKRXW D
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KLJK ULVN VLWH WKH H[DFW SRVLWLRQV RI WKH DFFLGHQWV ZLWKLQ WKH FXUYH ZHUH GHWHUPLQHG 7ZR RI WKH VL[
DFFLGHQWVKDSSHQHGDWQHDUO\ WKHVDPHSRVLWLRQZLWKDUDQJHRINPWRNPDQGWKHUHIRUHWKH
VLPXODWLRQVIRFXVRQVFHQDULRVLQWKLVVSHFLILFVHFWLRQ







EUDNLQJ VHTXHQFH ZKLOH VWHHULQJ ZDV LPSOHPHQWHG WR LQFUHDVH WKH SUREDELOLW\ RI VOLGLQJ 'XH WR WKH
DGRSWLRQVDVSHHGRINPKDSSURYHGWREHFULWLFDO:KHQWKHYHKLFOHUXQVRIIWKHURDGQRDGGLWLRQDO
GULYHU UHDFWLRQVHJFRUUHFWLRQPDQHXYHUVDUH LPSOHPHQWHG$OWKRXJKNPKH[FHHGV WKHVSHHG OLPLW




IULFWLRQFRHIILFLHQWRI WKHJUDVVVXUIDFH LVDVVXPHGZLWKPHDQLQJ WKDW WKHYHKLFOH ORRVHVJULSZKHQ
HQWHULQJWKHURDGVLGHUHVXOWLQJLQLQVWDEOHYHKLFOHG\QDPLFV7KHVLPXODWHGPDQHXYHUFDQEHVHHQRQ)LJ
D$VGHSLFWHGWKHYHKLFOHLVQRWDEOHWRNHHSWKHWUDMHFWRU\DQGVWDUWVWRVOLGH:LWKWKHORZIULFWLRQRI
WKH JUDVV LW LV QRW SRVVLEOH WR UHJDLQ FRQWURO RI WKH YHKLFOH VR WKDW LW H[FHHGV WKH URDGVLGH DIWHU DQ
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6LPXODWLRQRIVRIWVKRXOGHUKDUGVKRXOGHUDQGDWUHHDFFLGHQW
6RIW VKRXOGHU 7KHPRVW FRPPRQ LPSOHPHQWDWLRQ RI D VRIW VKRXOGHU LV D JUDYHO VWULSHZKLFK KDV D
KLJKHUIULFWLRQWKDQJUDVVEXWOHVVWKDQWKHURDGVXUIDFH)RUWKHVLPXODWLRQVDZHWIULFWLRQRIZDVVHW
7KHHIIHFWVRIDVRIWVKRXOGHURQWKHYHKLFOHPDQHXYHUFDQEHVHHQLQ)LJE7KHUHVXOWVGHPRQVWUDWHWKDW





VKRXOGHU WUHDWPHQWVZHUH LPSOHPHQWHGZKLFKGLIIHU LQ WKH VKRXOGHUZLGWK7UHDWPHQW  DQGZLWK DQ
ZLGWKRIWZRPHWUHVUHVSHFWLYHO\RQHPHWUHVKRZVLPLODUVLPXODWLRQUHVXOWVZKLOHLQWUHDWPHQWZLWKDQ
ZLGWKRIPHWUHVUHVXOWHGLQDGGLWLRQDOVWHHULQJDQGEUDNLQJUHDFWLRQVRIWKHGULYHUPRGHO
7UHH DFFLGHQW 7KH VFHQDULR ZLWKRXW VKRXOGHU URDGVLGH WUHDWPHQWV ZDV DGDSWHG E\ SODFLQJ D WUHH




)RU WKHSXUSRVHRI DVVHVVLQJ WKH HIIHFWLYHQHVVRI URDGVLGH LQWHUYHQWLRQ WKH VLPXODWLRQ UHVXOWV FUDVK










1RWUHDWPHQW     
6RIWVKRXOGHU     
+DUGVKRXOGHU     
+DUGVKRXOGHU     
+DUGVKRXOGHU     
7UHHFROOLVLRQ     

)RU WKH DVVHVVPHQW RI LQMXU\ VHYHULW\ WKH H[SHFWHG0$,6 OHYHO LV VWDWHG LQFOXGLQJ WKH XQFHUWDLQW\





%HFDXVH WKHHIIHFWLYHQHVVRI URDGVLGH LQWHUYHQWLRQ LVDQDO\]HG WKLV VFHQDULRGHDOVDV UHIHUHQFHEDVH IRU
RWKHUVFHQDULRVRIWKHKLJKULVNVLWH
6LPXODWLQJWKHVRIWVKRXOGHUDVDUHOHYDQWWUHDWPHQWWKHYHKLFOHLVWXUQLQJGHJUHHVOHDGLQJWRDQ
LQFUHDVHG LQMXU\ SUREDELOLW\ HVSHFLDOO\ ZKHQ WKH RFFXSDQWV GR QRW XVH WKHLU VHDW EHOWV +RZHYHU WKH
DFFHOHUDWLRQIRUFHVGRQRWVKRZVLJQLILFDQWLQGLFDWLRQVIRUDKD]DUGRXVVLWXDWLRQ6LPLODUWRWKHUHIHUHQFH
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VLPXODWLRQWKH$6,LVDQGZKHQFRQVLGHULQJWKHOLPLWVIRUQRVHDWEHOWXVDJHDQGWKH+,&LV
+RZHYHU WKHDFFHOHUDWLRQLVFRQVWDQWO\RQDKLJKHUOHYHODQGGXHWRWKHWXUQLQJPRYHPHQW LQMXULHVDUH
VWLOO OLNHO\ ,QFOXGLQJ WKH XQFHUWDLQW\ RI WKH VHDW EHOW XVDJH DQ0$,6 YDOXH RI  FDQ EH DVVXPHG 7KH
LPSOHPHQWDWLRQRIDKDUGVKRXOGHUVKRZHGDQRSWLPL]HGFDVH7KHYHKLFOHVKRUWO\UHDFWVDQGUHVXPHVLWV
RULJLQDOGULYLQJPDQHXYHUZLWKRXWDQ\SUREOHPV
,Q WKH ODWWHU FDVH QR URDGVLGH PHDVXUH LV VLPXODWHG EXW WKH FRQVHTXHQFHV RI KLWWLQJ D WUHH 1RW
VXUSULVLQJO\WKLVVFHQDULRVWURQJO\GLIIHUVIURPWKHSULRURQHV6XPPDUL]LQJWKHUHVXOWVIROORZLQJFDQEH





VXFK DV GHWDLOHG EHIRUHDIWHU DQDO\VHV RI DFFLGHQW GDWD RU IXOOVFDOH FUDVK WHVWV RI VSHFLILF LQVWDOODWLRQV
7KLVSDSHUGHDOVZLWKWKHDVVHVVPHQWRIVRIWDQGSDYHGVKRXOGHUVZKLFKLVDUHSDUWRIWKHURDGVLGHDQG
SURYLGH DGGLWLRQDO VSDFH IRUHUUDQW YHKLFOHV$ VLPXODWLRQEDVHG IUDPHZRUNZDVGHYHORSHG WR UHSOLFDWH
UHDO KLJKULVN DFFLGHQW VLWHV LQ D YLUWXDO HQYLURQPHQW DQG VLPXODWH YHKLFOHV UXQQLQJ RII WKH URDG 7KH





VSHHG6HYHUDOVKRXOGHU WUHDWPHQWVDUH LPSOHPHQWHG WRHYDOXDWH WKHLUHIIHFWLYHQHVVRQVDIHW\ ,QGLFDWRUV
IRU WKH HYDOXDWLRQ DUH WKH KHDG LQMXU\ FULWHULRQ +,& DQG WKH DEEUHYLDWHG LQMXU\ VFDOH $,6 ZKLFK
GHVFULEH WKH LQMXULHV WR RFFXSDQWV LQYROYHG LQ FROOLVLRQV 5HVXOWV GHPRQVWUDWH WKDW D VRIW VKRXOGHU
PLQLPL]HV WKHSUREDELOLW\ WR HQWHU WKH URDGVLGH+RZHYHU WKHYHKLFOH VOLGHVDORQJ WKH URDGZKLFK LVD
SRWHQWLDO ULVN IRU RWKHU URDG XVHUV 7KH LPSOHPHQWDWLRQ RI WKUHH GLIIHUHQW KDUG VKRXOGHUV W\SHV ZLWK
YDU\LQJZLGWKVVKRZVVLJQLILFDQWLPSURYHPHQWRIURDGVLGHVDIHW\IRUWKLVVSHFLILFUXQRIIURDGVFHQDULR
7KH SUHVHQWHG FDVH VWXG\ GHPRQVWUDWHV WKH IHDVLELOLW\ RI WKH VLPXODWLRQ DQG DVVHVVPHQW IUDPHZRUN IRU
HYDOXDWLQJGLIIHUHQWURDGVLGHWUHDWPHQWVIRUVHOHFWHGURDGVLWHV$SSO\LQJWKHIUDPHZRUNRQNQRZQKLJK
ULVNDFFLGHQWVLWHVDOORZDQHIIHFWLYHDVVHVVPHQWRIURDGVLGHVDIHW\HIIHFWV
&XUUHQWO\ DQ RQJRLQJ $,7 SURMHFW GHYHORSV D WKUHHGLPHQVLRQDO ODVHU VFDQQLQJ V\VWHP IRU WKH
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